Introduction
============

Background
----------

Owing to the significant role of antiretroviral therapy (ART) in controlling HIV from 2000 to 2017, AIDS-related deaths decreased by 38%, and approximately 11.4 million lives were saved \[[@ref1]\]. Although ART has achieved great success, the 2030 treatment targets of the new 90-90-90 of the Joint United Nations Programme on HIV/AIDS appear unachievable for many countries \[[@ref2]\]. In 2017, 21.7 million people living with HIV (PLWH) received ART, which accounted for only 59% of the global PLWH and 52% of children living with HIV \[[@ref3]\]. In addition, according to the data from World Health Organization (WHO) in 2016, less than 50% of the PLWH achieved viral suppression \[[@ref4]\]. Patients who strictly adhere to ART could control disease progression and prevent the emergence of drug-resistant mutations \[[@ref5]\]. Poor ART adherence lead to the accelerated progression of PLWH to AIDS \[[@ref6],[@ref7]\], increased demand for medical interventions \[[@ref8]\], increased morbidity and mortality \[[@ref9]\], and increased circulating ART-resistant strains \[[@ref7],[@ref10]\]. A number of traditional measures can be used to ensure ART adherence, including behavioral skills training or medication adherence training, cognitive behavioral therapy, peer or social support, and counseling \[[@ref11]\]. However, most of the interventions that are used in long-term therapy are either complicated or not widely applicable, and thus, more convenient, low-cost, and widely feasible innovations are required \[[@ref8],[@ref12]\].

Owing to advances in mobile phone and internet technologies, the use of electronic health (eHealth) is expanding. The WHO Global Observatory for eHealth defines eHealth as "the use of information and communication technologies (ICT) for health" \[[@ref13]\]. This involves the delivery of health information for health professionals and consumers through telecommunication (short message service, SMS; patient monitoring devices; and mobile phones) and internet-based components (social media, computer software, websites, mobile apps, games, and chat rooms) \[[@ref14]\]. Numerous barriers to PLWH remain, including persistent stigma and discrimination \[[@ref15]\], low socioeconomic status \[[@ref16]\], punitive laws \[[@ref17]\], and geographical isolation \[[@ref18]\]. eHealth is increasingly used for the self-management and service delivery of HIV-related diseases \[[@ref19]\]. eHealth interventions have many advantages: eHealth interventions are low cost and suitable for use in low- and middle-income countries (LMICs) \[[@ref19]-[@ref21]\] as well as convenient and accessible. According to estimates by the Ericsson 2018 Mobility Report, the number of mobile subscriptions worldwide will reach 7.9 billion in the third quarter of 2018 \[[@ref22]\]. Moreover, popular social media platforms including WeChat \[[@ref23]\], Facebook, and YouTube \[[@ref24],[@ref25]\] have more than 1 billion monthly active users. In addition, eHealth can provide users with a private space to remove the discrimination and stigma associated with HIV \[[@ref26],[@ref27]\]. eHealth can also boost behavioral changes, self-efficacy, knowledge, and clinical outcomes and has been developed for a wide range of disease and health behaviors \[[@ref28]-[@ref30]\].

In view of these advantages, an increasing number of reviews have studied the effects of eHealth on the promotion of ART adherence of PLWH. Therefore, in this study, before we conducted formal systematic literature search, a literature search was performed in MEDLINE to identify systematic reviews and meta-analyses published before March 20, 2018, that reviewed eHealth interventions to improve ART adherence (search terms are shown in [Multimedia Appendix 1](#app1){ref-type="supplementary-material"}). Although favorable effects of eHealth interventions were documented, only narrative and systematic reviews were reported \[[@ref31]-[@ref34]\]. Moreover, additional reviews were either targeted to only 1 type of eHealth (such as SMS \[[@ref7],[@ref35]-[@ref37]\], social media \[[@ref26]\], and voice calls \[[@ref37]\]) or were only performed in the specific group of participants (men who have sex with men \[[@ref38]\] and key populations in the Asia-Pacific region \[[@ref19]\]).

Objectives
----------

With the publication of more and more studies focusing on ART adherence, this makes it possible to make quantitative and systematic assessments of the effectiveness and feasibility of eHealth interventions. In addition, despite the diversity of the interventions, we aggregated and compared their effects on improving ART adherence, which was supported by functional similarity and characteristics. So, the primary purpose of this study was to explore the effectiveness of eHealth interventions on improving ART adherence of PLWH. Moreover, the effects of different intervention characteristics, participant characteristics, and study characteristics were also assessed. To enhance the methodological quality of the meta-analysis and strengthen the conclusions, only randomized controlled trials (RCTs) were included.

Methods
=======

Guidelines
----------

This review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement \[[@ref39]\] and the Cochrane Collaboration reporting items for systematic reviews and meta-analyses \[[@ref40]\].

Literature Search
-----------------

We systematically searched MEDLINE (via PubMed), EMBASE, and the Cochrane Central Register of Controlled Trials for relevant studies published in English without restriction on publication date. The date of the last search for the electronic database was March 25, 2018. At the same time, we also searched for abstracts on several conference databases including the International AIDS Conference, the International AIDS Society Conference on HIV Science, and the Conference on Retroviruses and Opportunistic Infections. The reference lists of all relevant studies were searched manually to identify potential trials. The search strategy was developed by a librarian (LC) to identify studies that used eHealth interventions to improve ART adherence of PLWH. The study was developed based on Medical Subject Headings and key terms related to 4 categories: HIV, ART, adherence, and eHealth interventions. Detailed search items are listed in [Multimedia Appendix 2](#app2){ref-type="supplementary-material"}.

Selection Criteria
------------------

By following the populations, interventions, comparisons, outcomes, and study design (PICOS) framework, we included trials when (1) the study population was targeted to a sample of PLWH on ART; (2) the intervention focused only on eHealth interventions aimed to increase ART adherence rather than a data collection or participant recruitment tool; (3) the control group was the usual standard of care for PLWH; (4) the outcomes reported at least one ART adherence measurement (self-report, pill counting, electronic drug monitoring devices, or pharmacy refill record) and biochemical outcomes (viral load, log~10~ copies/mL, cluster of differentiation 4^+^ cell (CD4^+^) counting, or viral suppression \[VS\]/ virological failure \[VF\]); and (5) the study design was an RCT with a minimum of 3 months follow-up. No restrictions on the treatment of the participants, previous ART failure, or geography were applied. If multiple studies were reported on the same trial, the study with the most relevant outcome was included. Detailed PICOS criteria for the included studies are listed in [Multimedia Appendix 3](#app3){ref-type="supplementary-material"}.

Data Extraction
---------------

A total of 2 authors (ZW and YZ) independently reviewed all the titles and abstracts of the initial literature using bibliographic citation management software (EndNote, Version X7, Thomson Reuters) to determine their relevance based on the above-mentioned selection criteria. Relevant studies were kept for full-text reviews. Discrepancies were resolved by discussion with a third independent researcher (BQ).

Using a standardized extraction form (Microsoft Office Excel, Version 2013), the same 2 authors independently performed data extraction based on the following information: study characteristics (first author or research team, research year, setting, location, and study duration); participant characteristics (sample size \[intervention arm, IA/control arm, CA\], mean age, female ratio, and participant inclusion criteria); intervention characteristics (intervention type \[IA/CA\], frequency of intervention, intervention content \[general content/medical content\], personalization, and intervention communication strategy \[1-way/2-way\]); and outcome measures (primary adherence outcome measure \[the proportion of medication taken as prescribed/the proportion of adherent patients\], adherence outcome assessment methods, and biochemical outcome assessment methods). For studies with multiple IAs, eligible comparison trials were extracted and divided into distinct trials based on recent guidelines \[[@ref40]\]. When a multiple-phase follow-up was reported, the outcome of the final follow-up corresponding to the study duration was used to assess the persistence and sustainability of the intervention \[[@ref6],[@ref7]\]. The data of outcome measures were used to calculate the effect size in the meta-analysis. If there was insufficient data to calculate the effect size, the corresponding author was contacted by email. If the data were unavailable, studies were excluded \[[@ref41]\]. For studies reporting a median and interquartile range for adherence outcomes, we converted the outcomes into the mean (SD) as previously reported \[[@ref42],[@ref43]\].

Assessment of Study Quality
---------------------------

Methodological quality is an important facet of this review. ZW and YZ independently assessed the risk of bias within individual included studies using the Cochrane risk-of-bias tool \[[@ref40]\], which recommends 7 dimensions of research methodology for RCTs: (1) random sequence generation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of the outcome assessment, (5) incomplete outcome data, (6) selective outcome reporting, and (7) other sources of bias. The risk of bias for each item was evaluated at 3 levels: (1) high, (2) unclear, or (3) low. If a study was evaluated as a high or unclear risk of bias for sequence generation or randomization concealment, and other dimensions had more than 2 high risks of bias, the studies were considered as low overall quality. A third author (BQ) collated the results. Detailed quality assessments for the included studies are listed in [Multimedia Appendix 4](#app4){ref-type="supplementary-material"}.

Statistical Analysis
--------------------

### Statistical Methods

Statistical analyses of this meta-analysis were performed using the CMA Software (Comprehensive Meta-analysis, Version 2, Biostat). We used the mean effect size approach to pool estimates, which have been applied in other studies \[[@ref7],[@ref8]\]. The effect size was weighted as per the study sample size. We calculated the odds ratio (OR) and the 95% CI for each included trial. Random-effects models were used to pool estimates as large between-study heterogeneity was expected. Cohen *d* values and the 95% CI were used to calculate the magnitude of the effect size. Values of 0.2, 0.5, and 0.8 were considered small, medium, and large effect sizes, respectively \[[@ref8]\]. Reported *P* values were 2-tailed. To assess heterogeneity, I^2^ and Q statistics were used. I^2^ statistic exceeding 50% with a significant *Q* value (*P*\<.05) represented substantial heterogeneity \[[@ref44]\]. I^2^ also represented the levels of heterogeneity with values of 25%, 50%, and 75% indicating low, moderate, and high heterogeneity, respectively \[[@ref45]\]. Funnel plot symmetry \[[@ref46]\] and Egger regression intercept \[[@ref47]\] were used to assess publication bias. If publication bias existed, the funnel plots were asymmetric (Egger test: *P*\<.05). We used trim-and-fill analysis described by Duval and Tweedie to estimate the number of missing studies because of publication bias and calculated the effect size after correction \[[@ref48]\].

Weighted mean effect sizes were calculated to estimate the overall difference between eHealth and control groups on adherence outcomes as well as on biochemical outcomes because biochemical outcomes are the final presentation of adherence. Of the trials that reported different outcomes, the majority of trials (14/21) reported multiple adherence outcomes, and more than half of the trials (6/11) reported multiple biochemical outcomes. Considering that multiple effect sizes in 1 trial violated the independence assumption in meta-analysis, we selected only 1 effect size for each trial in our analyses. When trials had multiple outcome assessment methods, we selected the most objective and reliable method according to a predetermined order (assessed in the following order: electronic monitoring, pill counting, pharmacy refill record, self-report, and treatment interruption; viral load, log~10~ copies/mL, CD4^+^ cell counting, and VS/VF; and continuous scale over dichotomized scale) as used in other studies \[[@ref8],[@ref49]\]. The mean effect size was also independently calculated in all the adherence assessment methods and the biochemical outcome assessment methods of the trials.

### Subgroup Analyses

Given the potential for substantial significant heterogeneity across the studies (based on the I^2^ and Q statistics for heterogeneity), we performed subgroup analyses to explore the potential factors that moderate the overall effect size. The following moderators were examined: age (age \<36.65 years or age ≥36.65 years), study duration (short-term trial: duration ≤36 weeks or long-term trial: duration \>36 weeks), sample size (large trial: n≥166 or small trial: n\<166), location (high-income countries or LMICs), participant ART status at baseline (nonadherence, ART-naïve, or treatment experienced), participant health status at baseline (healthy or at risk), age category (adults or adults and adolescents), primary outcome measure (proportion of medication taken as prescribed or proportion of patients with good adherence), type of intervention (Web-based computer programs, telephone calls, SMS, electronic adherence monitoring device \[EAMD\], or SMS plus telephone calls), frequency of intervention (real-time, daily, or frequency below daily), intervention content (medical content or general content), communication strategy (1-way or 2-way), and personalization (yes or no). In particular, we also divided the type of intervention into telecommunication subgroup and internet-based component subgroup so that we could explore whether there was a notable and significant difference between the 2 subgroups. The cut-off points for moderators (age, sample size, and study duration) were based on the median values among trials from the available information, which was used by several previous studies \[[@ref8],[@ref49]\].

### Sensitivity Analyses

A total of 3 sensitivity analyses were performed to assess stability of the meta-analysis. The first sensitivity analysis excluded low-quality trials, the second excluded trials with a sample attrition rate ≥20%, and the third gave higher weight to specific assessment methods (self-report and CD4^+^ cell counting) for the trials reporting multiple outcome measures.

Results
=======

Study Characteristics
---------------------

A total of 19 RCTs were identified following the assessment of 154 full-text articles ([Figure 1](#figure1){ref-type="fig"}; [Multimedia Appendices 5](#app5){ref-type="supplementary-material"}-[8](#app8){ref-type="supplementary-material"}) \[[@ref50]-[@ref68]\]. We extracted 2 independent comparison trials (daily SMS and weekly SMS) from the study of Pop-Eleches et al \[[@ref54]\] and 2 comparison trials (1-way and 2-way communication strategies) from the study of Linnemayr et al \[[@ref68]\]. Finally, a total of 21 trials were included in the meta-analysis consequently. A total of 21 trials included 3937 participants. The sample size varied from 21 to 631, with a median of 166. The mean age of the participants was 35 years (Safren et al failed to report the mean age of participants \[[@ref50]\]), and 47.16% (1857/3937) were female. Studies were performed in the United States \[[@ref50]-[@ref52],[@ref57],[@ref59],[@ref61],[@ref62],[@ref64]\], Kenya \[[@ref53],[@ref54]\], China \[[@ref60],[@ref65]\], Uganda \[[@ref68]\], Brazil \[[@ref56]\], India \[[@ref58]\], Cameroon \[[@ref55]\], South Africa \[[@ref63]\], Botswana \[[@ref66]\], and Malaysia \[[@ref67]\]. Study duration ranged from 12 to 96 weeks, with a median of 36 weeks. One-third of the trials targeted at-risk populations (7/21), 43% focused on ART-naïve populations (9/21), 76% focused on adults (16/21), and the remainder focused on adults and adolescents (5/21).

The purpose of the included studies was to improve ART adherence of PLWH. Self-report (10/21) and electronic drug monitoring device (medication event monitoring system cap and EAMD \[Wisepill\]; 10/21) were the most commonly used methods to assess adherence, followed by pill counting (2/21), pharmacy refill record (2/21), or treatment interruption (4/21). Primary type of outcome measure was presented as the proportion of medication taken as prescribed in 15 trails and as the proportion of patients with good adherence in 6 trials. Biochemical outcomes were measured through CD4^+^ cell counting (6/21), viral load, log~10~ copies/mL (5/21), and VS/VF (6/21).

![Preferred Reporting Items for Systematic Reviews and Meta-Analyses chart showing study selection process. RCT: randomized controlled trial.](mhealth_v7i10e14404_fig1){#figure1}

Electronic Health Characteristics
---------------------------------

The eHealth characteristics are varied across the 21 trials. A total of 12 trials sent SMSs, 4 used telephone calls, 2 performed interventions in Web-based computer program, 2 used EAMD, and 1 combined SMS with telephone calls. According to another classification method of intervention, 19 trials were divided into telecommunication subgroup, and the remaining 2 trials were divided into internet-based component subgroup. A total of 19 trials conducted interventions at a fixed predetermined frequency (daily or frequency below daily), and the remaining 2 trials used real-time medication monitoring in which the participants were sent a reminder if they did not open the medication management device within the specified time. The intervention content was general content in 14 trials (medication reminders, humor jokes, as well as motivation and encouragement) and medical content in 7 trials (HIV/AIDS-related knowledge, the importance of adherence, and skills for good adherence). Moreover, 12 trials supported a 2-way communication strategy (patients were permitted, encouraged, or demanded to respond to the received information). Furthermore, 7 trials used personalized content (eg, the trial by Simoni et al \[[@ref52]\] used the flexible content of messages to accommodate the different needs and schedules of the participants).

Meta-Analyses
-------------

[Table 1](#table1){ref-type="table"} shows the mean effect sizes across all types of outcome assessment methods. Statistical significance for the individual outcome assessment method was not always achieved because of the limited statistical power of the available studies. For the 5 adherence outcome assessment methods, significant results in both self-report (*k=*10; Cohen *d=*0.44; 95% CI 0.11 to 0.77; *P*=.01) and pharmacy refill record (*k=*2; Cohen *d=*0.47; 95% CI 0.11 to 0.84; *P*=.01) were observed. For the 3 biochemical outcome assessment methods, CD4^+^ cell counting had a small positive effect size (*k=*6; Cohen *d=*0.20; 95% CI 0.04 to 0.35; *P*=.01), and viral load (log~10~ copies/mL) had a negative significant effect size (*k=*5; Cohen *d=*−0.40; 95% CI −0.62 to −0.17; *P*\<.001).

###### 

The effect of electronic health on antiretroviral therapy adherence outcomes and biochemical outcomes by type of outcome assessing methods.

  Measures                                        *k* (number of trials)   Odds ratio (95% CI)   Cohen *d* (95% CI)       *P* value   I^2^ (%)
  ----------------------------------------------- ------------------------ --------------------- ------------------------ ----------- ----------
  Electronic drug monitoring device               10                       1.20 (0.75 to 1.93)   0.10 (−0.16 to 0.36)     .46         80.44
  Self-report                                     10                       2.20 (1.21 to 4.00)   0.44 (0.11 to 0.77)      .01         88.52
  Pill counting                                   2                        0.79 (0.52 to 1.21)   −0.13 (−0.36 to 0.10)    .28         2.82
  Pharmacy refill record                          2                        2.36 (1.22 to 4.56)   0.47 (0.11 to 0.84)      .01         0.00
  Treatment interruption                          4                        0.69 (0.41 to 1.15)   −0.21 (−0.49 to 0.08)    .15         0.00
  Cluster of differentiation 4^+^ cell counting   6                        1.43 (1.08 to 1.89)   0.20 (0.04 to 0.35)      .01         21.94
  Viral load (log~10~ copies/mL)                  5                        0.49 (0.32 to 0.73)   −0.40 (−0.62 to −0.17)   \<.001      30.83
  Viral suppression/virological failure           6                        1.32 (0.90 to 1.93)   0.15 (−0.06 to 0.36)     .16         34.53
  Mean biochemical outcomes                       11                       1.57 (1.22 to 2.01)   0.25 (0.11 to 0.38)      \<.001      43.16
  Mean adherence outcomes                         21                       1.59 (1.10 to 2.29)   0.25 (0.05 to 0.46)      .01         86.70

In the pooled analysis of 21 trials, eHealth interventions significantly improved ART adherence (OR=1.59, 95% CI 1.10 to 2.29; *P*=.01; [Figure 2](#figure2){ref-type="fig"}). The weighted mean effect size (Cohen *d*) was 0.25 (95% CI 0.05 to 0.46). A small positive effect of eHealth interventions on improving ART adherence of PLWH was observed. Heterogeneity assessments showed variability across the trials (*Q*~20~=150.36; *P*\<.001). There was high heterogeneity (I^2^: 86.70%) across trials, which supported the selection of the random-effects model to perform subgroup analyses to investigate the impact of the moderators on the overall effect size. Publication bias was not detected through funnel plot analysis ([Figure 3](#figure3){ref-type="fig"}) and Egger regression tests (Intercept of the regression line: 2.39; 95% CI --1.12 to 5.91; t~19~=1.43; *P*=.17). Duval and Tweedie's trim-and-fill analysis showed that no studies were trimmed or filled, indicating no evidence of publication bias. In addition, biochemical outcomes reported by 11 trials also had a weighted mean effect size that achieved statistical significance (Cohen *d*=0.25; 95% CI 0.11 to 0.38; *P*\<.001; [Table 1](#table1){ref-type="table"}).

![The effect of electronic health intervention on antiretroviral therapy adherence of people living with HIV. Two independent comparison trials (daily short message service \[SMS\] and weekly SMS) from the study of Pop-Eleches et al were extracted as Pop-Eleches et al (1) and Pop-Eleches et al (2), and two independent comparison trials (1-way and 2-way communication strategies) from the study of Linnemayr et al were extracted as Linnemayr et al (1) and Linnemayr et al (2).](mhealth_v7i10e14404_fig2){#figure2}

![Funnel plot of SE and log odds ratio on antiretroviral therapy adherence of people living with HIV between intervention and control groups.](mhealth_v7i10e14404_fig3){#figure3}

Subgroup Analyses
-----------------

The study and participant characteristics could explain some heterogeneity across the trials, specifically the sample size and study duration ([Table 2](#table2){ref-type="table"}). The subgroup analysis of sample size showed that large trials (Cohen *d*=0.06; 95% CI −0.20 to 0.33) had smaller effect sizes than small trials (Cohen *d*=0.51; 95% CI 0.25 to 0.76), which showed a significant difference in ART adherence between these 2 subgroups (*Q*=5.56; *P*=.02). Short-term trials displayed medium effect sizes (Cohen *d*=0.51; 95% CI 0.23 to 0.79), whereas long-term trials showed no significant effect size (Cohen *d*=−0.01; 95% CI −0.22 to 0.19), which indicated a significant difference in ART adherence between the 2 subgroups (*Q*=8.89; *P*=.003). However, heterogeneity cannot be explained by mean age, location, participant ART status at baseline, participant health status at baseline, age category, primary type of outcome measure, and all the eHealth interventions characteristics ([Tables 2](#table2){ref-type="table"} and [3](#table3){ref-type="table"}).

###### 

Subgroup analyses of the effect of electronic health on antiretroviral therapy adherence by study and participant characteristics.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Moderator and subgroups                     *k* (number of trials)                         Odds ratio (95% CI)   *Q* value              *P* value for heterogeneity   
  ------------------------------------------- ---------------------------------------------- --------------------- ---------------------- ----------------------------- ---
  **Sample size**                             5.59                                           .02                                                                        

  \                                           Large trial                                    11                    1.12 (0.70 to 1.81)    \                             \

  \                                           Small trial                                    10                    2.50 (1.58 to 3.97)    \                             \

  **Mean age (years)**                        0.58                                           .45^a^                                                                     

  \                                           \<36.65                                        9                     1.28 (0.61 to 2.70)    \                             \

  \                                           ≥36.65                                         11                    1.76 (1.25 to 2.49)    \                             \

  \                                           Not specified                                  1                     3.76 (1.23 to 11.48)   \                             \

  **Study duration**                          8.89                                           .003                                                                       

  \                                           Short-term trial                               11                    2.52 (1.53 to 4.16)    \                             \

  \                                           Long-term trial                                10                    0.98 (0.67 to 1.42)    \                             \

  **Location**                                0.03                                           .86                                                                        

  \                                           High-income countries                          8                     1.62 (1.04 to 2.53)    \                             \

  \                                           Low- and middle-income countries               13                    1.52 (0.91 to 2.55)    \                             \

  **Participant ART^b^ status at baseline**   4.48                                           .11                                                                        

  \                                           ART-naïve                                      9                     1.68 (0.98 to 2.89)    \                             \

  \                                           Nonadherence                                   6                     2.55 (1.39 to 4.66)    \                             \

  \                                           Treatment experienced                          6                     0.97 (0.50 to 1.88)    \                             \

  **Participant health status at baseline**   2.07                                           .15                                                                        

  \                                           At risk                                        7                     2.24 (1.34 to 3.73)    \                             \

  \                                           Healthy                                        14                    1.36 (0.87 to 2.12)    \                             \

  **Age category**                            2.73                                           .10                                                                        

  \                                           Adults                                         16                    1.89 (1.29 to 2.78)    \                             \

  \                                           Adults and adolescents                         5                     0.89 (0.40 to 1.99)    \                             \

  **Primary type of outcome measure**         0.92                                           .34                                                                        

  \                                           Proportion of medication taken as prescribed   15                    1.71 (1.03 to 2.86)    \                             \

  \                                           Proportion of patients with good adherence     6                     1.26 (0.87 to 1.83)    \                             \
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^The trial by Safren et al \[[@ref50]\] did not report the mean age of participants.

^b^ART: antiretroviral therapy.

###### 

Subgroup analyses of the effect of electronic health on antiretroviral therapy adherence by intervention characteristics.

  -------------------------------------------------------------------------------------------------------------------------------------------------------
  Moderator and subgroup          *k* (number of trials)                   Odds ratio (95% CI)   *Q* value              *P* value for heterogeneity   
  ------------------------------- ---------------------------------------- --------------------- ---------------------- ----------------------------- ---
  **Type of intervention^a^**     2.12                                     .55^b^                                                                     

  \                               Web-based computer program               2                     2.22 (1.09 to 4.51)    \                             \

  \                               Telephone call                           4                     1.21 (0.66 to 2.22)    \                             \

  \                               SMS^c^                                   12                    1.31 (0.83 to 2.06)    \                             \

  \                               Electronic adherence monitoring device   2                     1.78 (0.70 to 4.54)    \                             \

  \                               SMS plus telephone call                  1                     8.17 (4.98 to 13.38)   \                             \

  **Type of intervention^d^**     0.83                                     .36                                                                        

  \                               Telecommunication                        19                    1.53 (1.03 to 2.25)    \                             \

  \                               Internet-based component                 2                     2.22 (1.09 to 4.51)    \                             \

  **Frequency of intervention**   0.29                                     .86                                                                        

  \                               Real-time                                2                     1.78 (0.70 to 4.54)    \                             \

  \                               Daily                                    7                     1.72 (1.10 to 2.70)    \                             \

  \                               Frequency below daily                    12                    1.44 (0.83 to 2.50)    \                             \

  **Intervention content**        0.19                                     .67                                                                        

  \                               General content                          14                    1.50 (0.93 to 2.42)    \                             \

  \                               Medical content                          7                     1.77 (0.97 to 3.23)    \                             \

  **Communication strategy**      0.67                                     .41                                                                        

  \                               1-way                                    9                     1.91 (1.00 to 3.64)    \                             \

  \                               2-way                                    12                    1.38 (0.90 to 2.13)    \                             \

  **Personalization**             0.89                                     .34                                                                        

  \                               Yes                                      7                     1.31 (0.93 to 1.84)    \                             \

  \                               No                                       14                    1.78 (1.04 to 3.07)    \                             \
  -------------------------------------------------------------------------------------------------------------------------------------------------------

^a^The intervention was divided into 5 subgroups: Web-based computer program, telephone call, short message service (SMS), electronic adherence monitoring device, and SMS plus telephone call.

^b^The trial by Abdulrahman et al \[[@ref67]\] was the only one that used SMS plus telephone calls.

^c^SMS: short message service.

^d^The intervention was divided into 2 subgroups: telecommunication and internet-based component.

Sensitivity Analyses
--------------------

The primary meta-analysis result was stable in the 3 sensitivity analyses. The effect of eHealth on improving ART adherence of PLWH did not change when we excluded 4 trials \[[@ref50],[@ref51],[@ref61],[@ref63]\] with low quality (Cohen *d*=0.24; 95% CI 0.00 to 0.48; *P*=.049), when we excluded a trial \[[@ref50]\] with sample attrition rates ≥20% (Cohen *d*=0.24; 95% CI 0.03 to 0.44; *P*=.02), and when we gave higher weight to self-report (replace the adherence assessment method of 2 trials---Simoni et al \[[@ref52]\] and da Costa et al \[[@ref56]\]---with the self-report; Cohen *d*=0.26; 95% CI 0.05 to 0.46; *P*=.01). In addition, the effect of eHealth on the biochemical outcomes of PLWH did not change when we gave higher weight to CD4^+^ cell counting (replace the viral load, log~10~ copies/mL, of 3 trials---Simoni et al \[[@ref52]\], Reid et al \[[@ref66]\], and Abdulrahman et al \[[@ref67]\]---with the CD4^+^ cell counting; Cohen *d*=0.20; 95% CI 0.08 to 0.32; *P*\<.001).

Discussion
==========

Principal Findings
------------------

This review identified 21 trials of 19 RCTs that investigated the effectiveness of eHealth interventions on improving ART adherence of PLWH. Overall, eHealth interventions reported significant, but small, positive effects on ART adherence (Cohen *d*=0.25; 95% CI 0.05 to 0.46; *P*=.01) compared with PLWH in usual care. This finding was also stable in 3 sensitivity analyses. Specifically, SMS, telephone call, and EAMD were not able to significantly increase ART adherence of PLWH; however, the study of combining SMS and telephone call was highly effective in improving ART adherence. In addition, the Web-based computer program also showed significant positive effects in ART adherence. Our review also found that both telecommunication and internet-based components reported significant positive effects on ART adherence of PLWH. This meta-analysis result demonstrated that some of eHealth interventions showed favorable effects to improve ART adherence of PLWH, which was consistent with findings of previous reviews. Daher et al \[[@ref14]\] found that the digital innovations (mobile health, mHealth; internet-based mHealth/eHealth; and combined innovations) reported strong positive effects on improving ART adherence and clinic attendance rates. However, although significant, the small effect detected in this review was not sufficient to improve ART adherence and make it to the satisfactory clinical standard. Conn et al \[[@ref69]\] mentioned in their study that the patient's medication adherence is difficult to change. The reasons for the ART nonadherence of PLWH are very complicated. In addition to the reason for forgetting to take medicine \[[@ref70]\], it may also include psychological factors found in early reviews, such as depressive symptoms \[[@ref70]\], stigma \[[@ref71]\], and lack of social support \[[@ref15]\]. Previous studies suggested that patients with chronic diseases may develop negative emotions during long-term medication and believe that their illnesses are incurable so that lacks the motivation to adhere to medication \[[@ref12]\]. Moreover, nonadherence is also related to many factors including medication burden \[[@ref72]\], side effects \[[@ref73]\], and socioeconomic status \[[@ref74]\]. Future research could try to use eHealth, educational, and psychosocial interventions together to better improve the ART adherence of PLWH.

Moderators on the Use of Electronic Health Interventions
--------------------------------------------------------

Although this meta-analysis did not have significant publication bias, we noted significant heterogeneity, which may be because of clinical heterogeneity (the real difference of the impact generated from the different eHealth interventions and participant populations) or methodological heterogeneity (the difference generated from the different outcome assessment methods defined and measured in each study) \[[@ref8]\]. Previous reviews on ART adherence also reported high heterogeneity \[[@ref41]\]. Subgroup analyses showed that the effectiveness of eHealth interventions was sensitive to sample size and study duration. We found that small trials with limited sample sizes reported larger beneficial effects than large trials, which could be explained by the *small-study effects* proposed by Sterne et al \[[@ref75]\]. Previous studies found that intervention effects were exaggerated in small trials with inadequate or unclear sequence generation, inadequate or unclear allocation concealment, and lack of blinding \[[@ref76],[@ref77]\]. This is consistent with our findings that most of the trials with unclear sequence generation were small trials (4/5), and most of the small trials had unclear or high risk with blinding (9/10). The results of these small trials might overestimate the true effect of the interventions, and this effect is more easily published. Therefore, we should explain the results of the small trials with caution. Our subgroup analyses also indicated a higher effect size for short-term trials compared with long-term trials. This suggested that the effects of the eHealth interventions weakened over time. This finding is consistent with the findings of the study by Vervloet et al \[[@ref78]\] who suggested that electronic reminders led to short-term improvements of the patients' adherence to medication, but the long-term effects were unclear. This finding has important clinical significance because the long-term effectiveness of eHealth interventions is a recent focus of attention. In addition, for the trials included in this review, most of them (19/21) were eHealth interventions with a fixed frequency. These trials automatically sent eHealth reminders regardless of whether or not patients took the medications. As patients become familiar with reminders, they will gradually become habitualized and generate response fatigue to the eHealth intervention, which may have a negative impact on the long-term effectiveness of interventions. Some of the trials in this review focus on real-time adherence monitoring, which only provides intervention when the patients fail to take the medicine on time, thus avoiding habitualization of reminders \[[@ref60],[@ref63]\]. Although the 2 trials did not find a significant pooled effect of real-time reminders, it should be noted that the number of available studies limited statistical power. Future adherence intervention studies should strengthen study design in both sequence generation and blinding and should focus on real-time adherence monitoring to enhance the long-term effectiveness of eHealth interventions.

Another interesting area of this review is the effects of the eHealth interventions characteristics. As the number of available studies in some subgroups limited statistical power, the results should be considered uncertain, so we recommend that the comparison between these subgroups should be interpreted with caution. SMS did not have a significant effect on improving ART adherence in this review; however, the result was inconsistent with the result of the study by Finitsis et al \[[@ref7]\]. This may be because SMSs are facing challenges from internet protocol--based messaging services in recent years (such as Apple's iMessage, WhatsApp, Facebook Messenger, WeChat, and Line). Therefore, the attention and use of high-cost SMSs are gradually decreasing. People's reactions to application-to-peer messaging in their daily lives have also weakened. Although previous studies have suggested that the outcomes can be improved by changing certain intervention characteristics (eg, increasing the frequency of the intervention \[[@ref78]\] and performing 2-way communications \[[@ref79]\]), no significant heterogeneity between these subgroups was observed in this review. Further research could use the "nudge theory" to guide the design of the eHealth interventions procedure for improving ART adherence of PLWH. The theory emphasizes that nudges are not mandatory, and their intervention design must be simple and inexpensive \[[@ref80]\]. It was explored in previous studies that this theory had a positive impact on several behaviors, such as reducing tobacco use \[[@ref81]\], changing adult dietary choices \[[@ref82]\], and increasing physical activity \[[@ref83]\]. For medication reminders, any intervention that directly asks participants about trial content should be excluded, as this would bias the participants.

Selection of Adherence Outcome Assessment Method
------------------------------------------------

Although an array of methods are proposed to assess adherence, few meet the gold standards of reliability, ease of use, low cost, flexibility, and practicality. However, each method has its advantages and disadvantages. According to Lam and Fresco, subjective methods can generally explain nonadherence, whereas objective methods can more accurately measure patient adherence to medication \[[@ref84]\]. Subjective methods have the advantage of low cost, simplicity, practicality, and flexibility. However, poor sensitivity and specificity remain an issue, and questionnaires are unreliable in terms of adherence outcomes. The patient's psychological state can also influence the accuracy of the outcomes. Outcomes are more accurate for objective methods than those for subjective methods. However, different objective methods have variable characteristics. Although pill counting is simple and low cost, it fails to identify the medication-taking pattern. Electronic monitoring devices are only suitable for small-scale research as expensive technical support is required. Considering both accuracy and cost, pharmacy refill record is more beneficial for large numbers of research populations \[[@ref85]\]. The assessment of biochemical outcomes can directly reflect overall treatment regimens and indirectly reflect the effectiveness of the interventions. However, these methods are expensive and intrusive. Considering the advantages and disadvantages of various outcome assessment methods, we recommend that these methods should be applied in combination in future research according to the characteristics of each study to achieve measurement purpose.

Strengths and Limitations
-------------------------

This review has several strengths. First, this review only includes RCTs, which are considered to enhance the methodological quality of the meta-analysis and strengthen the conclusions. Another strength is that the results of our meta-analysis indicated no influence of publication bias. In addition, subgroup analyses were performed to explore the source of between-study heterogeneity. We examined numerous moderators that significantly contribute to the design and implementation of eHealth interventions. Moreover, we performed some sensitivity analyses to detect the robustness of our results.

We found that the included studies on eHealth interventions had several limitations. First, of the 19 studies, 15 had a high or unclear risk of bias for at least one of the bias items in the methodological quality assessment. The low quality of the studies may bias the meta-analysis and reduce further pooled analysis \[[@ref26]\]. Moreover, some of the primary outcome measures were expressed by the proportion of patients with good adherence. The level of adherence that was defined as "good" differed across the trails (thresholds were 90% in 2 trials, 95% in 4 trials, and 100% in 1 trial). Low thresholds may overestimate the effectiveness of eHealth on ART adherence \[[@ref8]\].

Several limitations of this review should also be considered when we interpret the findings. The findings are inevitably limited by the number of studies in some moderators in the subgroup analyses that make it difficult to generalize their results. Several moderators examined in subgroup analyses may also impact each other, so they should be interpreted with caution. In addition, although we calculated Cohen *d* to standardize these measures, methodological disadvantages were observed when the adherence measures were pooled \[[@ref49]\]. Furthermore, although the design of the RCT can provide strong evidence, it is precisely because of the rigorous randomization, blinding, quality control, and other design in the RCT that the effect of the research often deviates from the actual effect in the "real world." Finally, we restricted the study of English language publications, and further studies across a range of ethnicities would further strengthen the findings.

Conclusions
-----------

We found that some of the eHealth interventions may be the effective method to increase the ART adherence of PLWH. The advantages of low cost, ease of access, and confidentiality make it a useful intervention tool in the PLWH. Although our analyses suggest some heterogeneity across trials, this finding is likely because of variation in the characteristics of the studies and in the definitions of outcomes among the studies. Considering that most of the trials are with small sample sizes or short-term duration, these results should be interpreted with caution. Therefore, the effectiveness of eHealth interventions in the "real world" remains uncertain.

To better identify the role of eHealth interventions in improving ART adherence of PLWH, future research needs to determine the features of eHealth interventions to better improve ART adherence along with long-term effectiveness of interventions, effectiveness of real-time adherence monitoring, enhancement of study design, and influences on biochemical outcomes. In addition, further research can try to design and implement the optimal strategy of eHealth intervention based on *nudge theory* combined with educational and psychosocial interventions.
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